Objective: To address the degree and duration of pain relief from recurrent cervicogenic headaches and/or occipital neuralgia following retreatment with radiofrequency ablation of the C2 dorsal root ganglion and/or third occipital nerves; to review outcomes including duration and degree of pain relief; to evaluate procedure's complication rate and patient's willingness to repeat the procedure; to compare effectiveness of the most recent RF ablation to patient's first RF ablation. Methods: This is a single-center retrospective observational study of 23 patients with recurrent cervicogenic headaches and/or occipital neuralgia treated with repeated RF ablation of the C2 dorsal root ganglion and/or third occipital nerves. All patients receiving treatment from January 2010 to July 2014 are included in this single site retrospective study. This is an IRB approved medical chart review study. Results: 22 of 23 patients underwent follow-up. An average of 86.5% of participants reported pain relief on average of 25.4 weeks at time of follow-up. 41% reported side effects including suboccipital hyperesthesia and/or ear discomfort, 95% reported willingness to repeat the procedure again if severe symptoms recurred, 59% of patients reported the most recent RF ablation had the same results as the first, 32% reported the most recent RF was the most effective, and 9% reported that the first RF was the most effective. Conclusion: Repeated RF ablation is a feasible option for recurrent cervicogenic headaches and/or occipital neuralgia. Effectiveness of repeat intervention is the same or better than the first ablation. Though there was a higher likelihood of side effects including suboccipital neuralgia and/or ear discomfort on repeat treatment, the side effects were generally well tolerated.
Introduction
Cervicogenic headaches and occipital neuralgia can be a challenge to diagnose and treat [1] . Even when successfully treated, symptoms can often reoccur, leading to the need to repeat treatment. Despite therapies including RF neurolysis have reported success, there is no published data on the efficacy of retreatment.
Underlying causes can include traumatic causes such as whiplash injury, or degenerative causes include arthropathy of the zygapophyseal joints [2] [3] . Although the likely cause is often speculated based on clinical history of trauma or imaging findings of osteoarthritis, a definitive reason often cannot be proven. If the underlying cause is not corrected, then symptomatic relief is often temporary.
RF neurolysis pain relief is thought to be temporary as there is nerve healing following the injury caused by the RF lesioning. We know from animal models that following nerve RF neurolysis, the nerve undergoes endoneurial edema followed by Wallerian degeneration [4] . Following nerve healing or regrowth symptoms may recur and if severe may need repeated treatment.
Methods
This report represents a single-center retrospective observational study of 23 patients with recurrent cervicogenic headaches and or occipital neuralgia treated with repeat RF ablation of the C2 dorsal root ganglion and/or third occipital nerves. All patients receiving treatment from January 2010 to July of 2014 are included in this study. This is an IRB approved medical chart review study.
All patients were referred by headache specialized neurologists from two centers. All eligible candidates underwent detailed neurologic evaluation followed by consultation in our interventional department. After receiving a diagnosis of cervicogenic headaches and/or occipital neuralgia proven with confirmative nerve blocks, patients underwent RF ablation. Those with recurrent severe symptoms were treated with RF ablation one or more times over the study period beginning in January 2010 and ending July 2014.
Follow up occurred by telephone at 3 -4 days, and either in person or by telephone at 6 -12 months after treatment. Patients were questioned and information was added to medical charts. Following chart review of all candidates in this IRB approved retrospective study, data was entered into an Excel spreadsheet. All treated patients were included except those for whom long-term follow up was not available. All 23 patients underwent repeat treatment. 22 of the 23 patients participated in long term follow up for a minimum of 2 months. One patient did not return phone calls and was excluded from the study.
Patients were questioned as to how long in weeks or months the most recent RF ablation provided them significant pain relief. They were asked what percentage relief was provided, with 100% pain relief meaning no headaches and able to participate in all usual activities. 0% pain relief providing no benefit with severe headaches limiting participation in their usual activities. They were asked to compare the last RF treatment with the first they had received with either the first being overall better, the last being better, or both providing the same degree of relief. Inquiry as to any therapy side effects was asked, specifically if they had any scalp hyperesthesia. Each was questioned as to any other medical headache treatment they attempted during that time if any and if they would recommend RF ablation to friends and family or have it again if severe symptoms recur.
Procedure
All patients were positioned in a lateral decubitus position painful side up. Conscious sedation was provided. All RF ablations were performed by a single fellowship trained neuroradiologist under fluoroscopic guidance. RF ablation performed using a Stryker 
Results
Analysis was performed using data entered in a Microsoft© Excel spreadsheet (Microsoft, Redmond, WA, USA). Twenty-two of 23 patients underwent follow-up. One of the 23 could not be reached after the second RF ablation and was therefore not included in the final study results.
See Table 1 for summary of patient data.
There is an average of 86.5% pain relief at time of follow-up. Six of the twenty-two or 27% reported 100% pain relief at time of follow-up. Sixteen of the 22 or 72% reported 80% or greater pain relief. Two of 22 or 9% reported 50% or less pain relief. One of those patients reported 50% pain relief the other 40%.
Average duration of pain relief was 25.4 weeks or 6.35 months. The longest period of relief at time of follow up was 56 weeks with no return of headaches and 100% improvement from time of RF ablation. Fifteen of the 22 or 68% had 6 months or more of improvement. Eight of 22 or 36% reported less than 6 months of pain relief, however, five were still experiencing a high degree of pain relief with no significant return of symptoms at the time of follow up. For details on duration of pain relief (see Figure 1) . Average reported pain at time of last follow up was 2.9 on a scale of 0 to 10 with 10 being the most severe pain imaginable and 0 being no pain. Zero pain reported in 7 of 22 or 32%. Thirteen of 22 or 59% reported pain level of 2 or less at time of last follow up. One of 22 or 5% reported pain at time of follow-up for 8 -10. Four of 22 or 18% reported headaches at times reaching a level of up to 8 or greater at times but not at the time of follow up. One of those stated the headaches were severe 8 -10 but very rare compared to pre-treatment frequency of headache pain.
Complications and or side effects occurred in 9 of 22 or 41%. Reported side effects included suboccipital hyperesthesia, scalp itching, or ear discomfort. None of the side effects were considered more than mild. The most common side effects were suboccipital numbness or paresthesia in 5 of 22 or 23%, and suboccipital itching in two of 22 or 9%. One patient, 5% experienced ear and facial numbness for duration of 2 weeks. Thirteen of 22 or 57% reported no side effects or complications. See Figure 2 a graph of side effects and/or complications. Twenty-one of 22 patients or 95% would have it again or recommend it to others with severe symptoms. One patient would not as her chronic headaches were later diagnosed as being related to post-traumatic stress disorder related to a childhood event. After a two month stay in a specialty psychiatric clinic her chronic headaches resolved completely and had not returned as of time of last follow-up.
Fifty-nine percent of patients reported the most recent RF ablation had same results as the first, 32% reported the most recent RF was the most effective, and 9% that the first RF was the most effective.
Eleven of 22 or 50% did not seek any other medical care during the time after RF treatment by time of follow up, 50% did. Five of the 22 sought treatment of coexisting Migraine headaches including two patients Botox, migraine related oral pain med or compound creams, online purchases migraine skin oils, one patient each. One of the patients that sought Botox for migraines also saw chiropractor. Two patients sought physical therapy, one of who was 100% pain free for preventative care. One patient who experienced the return of severe pain underwent anesthesia consult for spine pain stimulator.
Discussion
RF ablation is an aggressive treatment that should be reserved for patients that have exhausted conservative treatments including physical therapy. If the first RF ablation was successful and severe symptoms recur, then repeat treatment is a very reasonable consideration.
The average duration of pain relief is underestimated due to the inherent methodology of this retrospective study. For example, one patient had follow up 2 weeks after last treatment, time of data collection for all patients, their pain relief is recorded as only 2 weeks as we do not know their actual length of pain relief. This could be adjusted for by either eliminating patients that do not to have a minimum of 6 months of follow up after last procedure but due to interest in increasing study cohort size this limitation was accepted.
The average result was 86.5% for 25.4 weeks. As this patient population has a lack of other accessible alternative treatments, this length and percentage of pain reduction is reasonable. Alternatives would include decompressive rhizotomy by neurosurgeon, suboccipital rhizotomy by plastic surgeon, or pain stimulator placement. None of the patient in this cohort had any of the above treatments, they were all consulted of these alternative and several sought consultations by surgeons and chronic pain practitioners.
Repeat success is similar to first treatment in a general sense, actual data to support this was not collected in this study. Previous published data including part of the same subset of patients demonstrated 78.1% of 22.3 weeks of pain relief [5] . The slightly improved results are likely in part due to selection bias compared to the group treated for the first time as patients with less degree or length of pain improvement would be less likely to repeat the procedure.
Inherent retrospective nature of this study with one treating proceduralist is a limitation. There is also lack of documented standardization of treatment between first and last RF ablations with a general tendency to be more aggressive on subsequent treatments by burning a larger area. Several of these patients also underwent more than two procedures but only the first and last are included.
Complication rate is higher compared to previous published results. The complication rate although higher included no complications that were considered more than mild and all patients with side effects and or complications reported satisfaction with the procedure and would recommend it to others.
Further research is needed to determine if there is long-term sequela of numerous RF ablations, particularly if patients undergo 3 or more ablations. A prospective study with control group would be helpful.
Conclusion
Repeated RF ablation is a feasible option for recurrent cervicogenic headaches and/or occipital neuralgia. Effectiveness is the same or better than the first ablation, and high likelihood of side effects include suboccipital neuralgia and/or ear discomfort, although side effects are generally well tolerated.
